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ABSTRACT
In the past, manufacturers’ labeling of sunscreen varied greatly, confusing the consumers regarding efficacy and the

appropriate photoprotection provided by their products. Therefore, in June 2011, the United States Food and Drug
Administration issued new guidelines for sunscreen labeling. Sunscreen products are over-the-counter drugs; therefore,
they are regulated by the United States Food and Drug Administration to determine safety, efficacy, and labeling. This
article discusses ultraviolet radiation and the positive and negative effects of ultraviolet radiation, provides a review of
sunscreens, and discusses the new United States Food and Drug Administration regulations for sunscreens.
(J Clin Aesthet Dermatol. 2012;5(9):18–23.)
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Since the skin is the largest organ of the human body,
the importance of maintaining homeostasis and
protecting the skin from ultraviolet radiation (UVR) is

important. Imbalances can result in wrinkles, hair loss,
blisters, rashes, life-threatening cancers, and disorders in
immune regulation. There are three types of UV radiation:
UVA, UVB, and UVC. UVC is not as much of a concern
because its rays are blocked by the ozone layer and
therefore do not reach the earth’s surface.1 Photoprotection
from both UVA and UVB radiation is more of a concern for
patients. 

UVA (320–400nm) has a longer wavelength; therefore, its
rays penetrate deeper into the skin through both the
epidermis and dermis (Figure 1). UVA can be further
subdivided into UVA I (320–400nm or “far UVA”) and UVA II
(320–340nm or “near UVA”). UVA rays are present
throughout the day, even in the morning and late afternoon.
Because UVA can penetrate window glass, a very
photosensitive patient may even have difficulty indoors.
Studies document that multiple low-dose UVA exposures in
humans are associated with significant dermal and

epidermal histological changes.2,3 UVB (290–320 nm), also
known as the “burn rays,” are typically what we think of with
sunscreen coverage. Most automobile glass and windows
block these rays (Figure 2).

POSITIVE EFFECT OF UVR
Exposure to UVR is not always considered bad. In fact,

UVR has been found to be particularly helpful in treating
vitamin D deficiency, seasonal affective disorders, psoriasis,
sarcoidosis, mycosis fungoides, and numerous other
cutaneous conditions.

Vitamin D is important for calcium absorption from the
intestinal tract to help maintain strong bones. Vitamin D has
to go through a series of steps to become activated and
useful within the body. Within the epidermis, 7-
dehydrocholesterol is converted to vitamin D
(cholecalciferol) by UVB light. Then through a series of
steps in the liver and kidneys, vitamin D’s activated
component 1,25 dihydroxyvitamin D3 stimulates intestinal
absorption of calcium. Short and limited solar exposure is
usually sufficient to maintain adequate vitamin D levels. The
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elderly and young children are the ones who are particularly
susceptible to vitamin D deficiency. Vitamin D deficiency can
lead to rickets in children, osteomalacia in adults,
osteopenia/osteoporosis, and factures in the elderly. The
Institute of Medicine recommends the following vitamin D
allowances: 400 IU for 0 to 12 months, 600 IU for 1 to 70
years, and 800 IU for greater than 70 years.4

Light therapy is an inexpensive treatment and can be
beneficial in treating certain diseases. The use of UVR in the
treatment of some patients with seasonal affective disorders
has been successful. In fact, a meta-analysis of randomized
trials found that bright light and dawn stimulation therapies
reduce the severity of depression in patients with seasonal
affective disorder.5 Additionaly, difficult-to-treat psoriasis
patients sometimes find relief with UVR. It is thought that
UVR has both antiproliferative and anti-inflammatory effects
through downregulation of T-cell response to antigens.6

Studies have also shown improvement of the cutaneous
effects of sarcoidosis with UVA-1 light and topical psoralen
plus UVA (PUVA) therapy.7–10 PUVA and narrowband UVB
has been shown to induce and maintain remissions of
mycosis fungoides.11–16

NEGATIVE EFFECT OF UVR
The negative effects of the sun have been documented in

the literature. Chronic sun exposure creates premature
cutaneous aging, decreases immune response to
environmental pathogens, and increases the risk for
developing premalignant and malignant neoplasms. On the
molecular level, exposure to UV radiation can result in a
covalent joining of pyrimidine (usually thymine) dimers. If
deoxyribonucleic acid (DNA) repair mechanisms, such as
nucleotide excision repair, base excision repair, or mismatch
repair genes, do not recognize dimers, the mutations go
uncorrected to the cell cycle. When mutated genes reach the
cell cycle, if not repaired by the induction of the p53
pathway, a series of changes can result in malignant
transformation and immunosupression.17

UV-induced immunosuppression contributes to skin
cancer due to damage to DNA and inhibition of protective
mechanism within the skin. A common type of sun-related
skin damage is actinic keratosis (AK). Age, Fitzpatrick skin
type 1 or 2, and UV light are the major risk factors for
developing AK.18,19 Most AKs do not progress into invasive
squamous cell carcinoma (SCC), but the risk is still
present. The risk of malignant transformation of an AK to
SCC within one year is approximately 1 in 1,000.20 However,
approximately 60 percent of invasive SCCs of the skin
probably arise from AKs.21,22 If not treated or protected
against additional sun damage, AKs may eventually
progress to invasive SCC. Avoiding sun exposure and daily
application of sunscreen statistically decreases the number
of AKs.23

The diagnosis of SCC has increased over the past 20
years. Tanning beds, higher levels of sun exposure, the aging
population, and improved skin cancer detection are likely to
blame.24,25 The most important risk factor for SCC is
cumulative sun damage and age. In a case-controlled study

of 58 patients with cutaneous SCC, the risk was greatest in
those with more than 30,000 hours of cumulative lifetime
sun exposure.26 UVA, UVB, PUVA, and tanning beds have
been shown to increase the incidence of cutaneous SCC.
Prevention of SCC includes protection from the sun,
including the use of protective clothing and application of
sunscreen. 

Basal cell carcinoma (BCC) is the most common skin
cancer and occurs most frequently on the face and head. In
Caucasians, the incidence of BCC has steadily increased and
the lifetime risk of developing BCC is 30 percent.27 BCC arises
from the basal layer of epidermis and its appendages. The
most important risk factor is chronic UVR. Other known risk
factors include fair skin, light eyes, red hair, chronic arsenic
exposure, therapeutic radiation, immunosuppression, basal
cell nevus syndrome, and various other genetic pre-
dispositions. Primary prevention is protection from sun
exposure beginning at an early age. 

Melanoma is the most serious form of skin cancer. Despite
early screening and detection programs, the overall
mortality rate from melanoma has remained stable or
continues to rise.28 The incidence of melanoma has more
than tripled in the Caucasian population in the United States
over the past 20 years. It is estimated that approximately
68,130 new cases of invasive melanoma have been diagnosed
in 2010.29 Intense and intermittent sun exposure at a young
age increases a patient’s risk of melanoma. Individuals with
five or more severe sunburns in childhood or adolescence
have an estimated twofold greater risk of developing
melanoma.30 Melanoma is commonly found on areas
sporadically exposed to UVR, such as the back of the legs in
women and the backs of men.30–32 UVB, UVA, and PUVA

Figure 1. Penetration of different wavelengths of light
into human skin
Sources: 1. Shaath NA. Sunscreens, development, evaluation, and regulatory
aspects. New York, NY: Marcel Dekker, Inc; 1997:211–233. 2. Moyal D,
Fourtanier A. Photoaging. New York, NY: Marcel Dekker, Inc; 2004:15–32.
3. Kullavanijaya P, Lim HW. J Am Acad Dermatol. 2005;52:937–958. 
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therapy all have been proven to increase the risk of
melanoma. Tanning beds have been found to particularly
increase a patient’s risk for melanoma. A meta-analysis of 19
population based, case-controlled studies and one cohort
study found a modest increase of risk for “ever” versus
“never” exposed to tanning bed (summary RR1.15, 95% CI
1.00–1.31). There was a 75-percent increase in the risk of
cutaneous melanoma found among individuals who utilized
tanning beds before the age of 35 (RR 1.75, 95% CI
1.35–2.25).33 Appropriate UVR protection decreases the risk
of developing a melanoma or having a secondary melanoma.
Studies indicate that decreasing recreational sun exposure
following the diagnosis of primary melanoma can
significantly decrease the chance of developing a second
melanoma.34,35

UVR IS INEVITABLE SO WHY ENCOURAGE
PHOTOPROTECTION?

Sunscreens represent a practical approach to
photoprotection for skin. The importance of beginning sun
protection at a young age cannot be overstated. In humans,
the regular use of sunscreens has been shown to reduce
AKs,36,37 solar elastosis,37 UV-induced immunosupression,38

and photosensitivities. Sunscreens also prevent the
formation of SCCs in animals.39 A thorough understanding of
the mechanism of action of sunscreens, different sunscreen
vehicle choices, and adverse effects can help educate
patients on their choice of sunscreens. Sunscreens are
classically divided into physical or chemical sunscreens.

Chemical sunscreens are organic and generally aromatic
compounds conjugated with a carbonyl group.40 They are
designed to absorb high-intensity UVR, produce excitation
to a higher energy state, and, with the return to the ground

state, result in conversion of the absorbed energy into
a longer, lower energy wavelength.41 Chemical
sunscreens can be classified based on their portion of
UV coverage. Commonly known ingredients for UVB
sunscreen protection are Padimate O, octinoxate,
octisalate, octocrylene, and ensulizole. Commonly
known UVA sunscreen ingredients are oxybenzone,
meradimate, avobenzene, and tetraphthalydine
dicamphor sulfonic acid. Broad spectrum is a term
designed to mean protection from both UVA and
UVB.41 Physical blockers are inorganic and reflect,
scatter, and/or absorb UVR.42 Examples of physical
blockers are titanium dioxide and zinc oxide. 

Sunscreens were designed to protect the skin from
the sun. In June 2011, the United States Food and
Drug Administration (FDA) released a sunscreen
monograph providing qualitative definitions for
labeling sun protection products. Sun protection
factor (SPF) is primarily a measure of UVB
absorption. SPF is defined as the dose of UVR
required to produce one minimal erythema dose
(MED) on protected skin after application of 2mg/cm2

of product divided by the UVR to produce one MED
on unprotected skin.41 An SPF of 15 correlates with
93.3 percent of UVB absorption, whereas SPF 30

correlates with 96.7 percent, SPF 45 correlates with 97.8
percent, and SPF 50 correlates with 98 percent UVB
absorption (Figure 3).43 The formula to calculate sunscreen
percentage absorption based on SPF is: absorption = 100 –
(100/SPF). 

Although a variety of methods have been proposed, there
is currently no consensus as to the best method for
measuring UVA protection.44

SUNSCREEN VEHICLES
The vehicle used for sunscreen protection is important to

consider because ultimately it can affect the strength of UV
absorbance and patient adherence.45

Oil-in-water and water-in-oil systems are the most
commonly used sunscreens and for good reasons. They are
easy to apply and the oil provides the UV absorption. The
only real drawback is that the lotions may be thick or leave a
greasy feel. Products marketed as “sports lotions” or
“ultrasheer” are less oily.46

Gels are water based; therefore, they are a good option
for people who have oily skin. Gel-based sunscreens are less
greasy than oil based but they are more easily removed by
perspiration or water. Gels also tend to cause facial and eye
stinging.46

Sprays are convenient, but are often difficult to apply
evenly and may leave a film. Sprays are good for applying
sun protection to the scalp. Sticks are lipid-soluble formulas
and are useful in protecting areas of the body, such as the
lips, nose, or around the eyes.

Cosmetics, such as foundation makeup, help provide an
everyday protection. The SPF in cosmetics ranges from 4 to
30, and by virtue of its opacity, foundation makeup also
provides some UVA protection.46

Figure 2. The ultraviolet component of the electromagnetic spectrum
Source: http://www.bioscience.org/1997/v2/d/soehnge/3.htm
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ADVERSE EFFECTS OF SUNSCREEN 
In some people, sunscreen protection can cause adverse

reactions that cause them to choose not to protect their skin.
In a longitudinal study of 603 subjects applying sunscreen
daily, 19 percent developed adverse reactions and the
majority of reactions were irritant in nature.47 The most
common irritation complaint is stinging or burning of the eye
area when applying the sunscreen.46 Contact dermatitis is a
longer lasting irritation that can be classified as an irritant or
allergic contact dermatitis. Para-aminobenzoic acid (PABA),
PABA esters, benzophenones, fragrances, and preservatives
account for most of the reactions.48,49 Acne is another
common complaint caused predominantly by the vehicle
rather than the ingredients within the sunscreen. Gels or
sprays with less oil may reduce this adverse effect.46

CHANGES EXPECTED WITH NEW FDA REGULA-
TIONS ON SUNSCREEN

On June 14, 2010, the FDA announced significant
changes to sunscreen products. The final rule was effective
as of June 18, 2012. The changes ensure that sunscreen
products are appropriately labeled and tested and provide
greater consumer protection from the skin damage caused
by excessive sun exposure. The most important revisions
are clarifying the meaning of broad spectrum, allowing
consumers to understand the risks of using an SPF of less
than 15, and defining more precisely how long the SPF can
retain its protection.

SPF will be required to read as “SPF numerical number”
or “broad spectrum numerical number” depending on
whether the sunscreen product passes or fails the broad-
spectrum test. In order to be labeled as broad spectrum, the
sunscreen has to pass the critical wavelength equal to or
greater than 370nm, and there must also be an increase in

UVA protection as SPF protection increases.50 Any
sunscreen product that fails the test or has an SPF value less
than 15 will require a warning statement of the adverse
effects of sun damage. The labeled warning must read, “Skin
cancer/skin aging alert: spending time in the sun increases
your risk of skin cancer and early skin aging. This product
has been shown only to prevent sunburn, not skin cancer or
early aging.”50

At this time, the proposed UVA star rating will not be
required on the principal display panel (PDP) because the
belief is that the presence of stars will lead to consumer
confusion. A new direction statement must also be included
in the labeling section informing consumers that exposure to
the sun increases the risk of skin cancer and early skin aging.
The label must also provide a list of specific sun protection
measures that can decrease their risk.

Manufactures are now prohibited from making claims
that are considered unproven or absolute, such as
“waterproof,” and “all day protection,” or labeling products
as “sunblocks.” PDP for water resistance must now specify
how much time the sunscreen product was shown to retain
the labeled SPF level of protection. The two times permitted
in labeling are 40 minutes or 80 minutes.50

The FDA is currently proposing that the maximum
sunscreen rating be SPF 50, unless there is adequate data
showing added benefit to consumers for SPF values higher
than 50. The FDA feels it is misleading to consumers
because no added benefit above SPF 50 has been
established.

CONCLUSION
Although there are some positive effects of UVR, the

negative effects can potentially be life threatening.
Encouraging photoprotection is currently the best

Figure 3. Ultraviolet B protection level by sun protection factor (SPF)
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preventative measure to maintain homeostasis within the
skin. It is important to educate patients on how to pick an
appropriate sunscreen because this will increase
compliance. New FDA regulations recommend using broad-
spectrum sunscreens with an SPF of at least 15, applying
sunscreen 15 minutes before sun exposure, and reapplying
no less than every two hours. Dermatologists should
encourage their patients to limit time in the sun especially
between 10am and 2pm. If a patient must be out in the sun,
dermatologists should recommend wearing protective
clothing, such as hats, long-sleeved shirts, pants, and eye
protection.50
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